Food insecurity is linked to higher weight gain in pregnancy, as is dietary restraint. We hypothesized that pregnant women exposed to marginal food insecurity, and who reported dietary restraint before pregnancy, will paradoxically show the greatest weight gain. Weight outcomes were defined as total kilograms, observed-to-recommended weight gain ratio, and categorized as adequate, inadequate or excessive weight gain based on 2009 Institute of Medicine guidelines. A likelihood ratio test assessed the interaction between marginal food insecurity and dietary restraint and found significant. Adjusted multivariate regression and multinomial logistic models were used to estimate weight gain outcomes. In adjusted models stratified by dietary restraint, marginal insecurity and low restraint was significantly associated with lower weight gain and weight gain ratio compared to food secure and low restraint. Conversely, marginal insecurity and high restraint was significantly associated with higher weight gain and weight gain ratio compared to food secure and high restraint. Marginal insecurity with high restraint was significantly associated with excessive weight gain. Models were consistent when restricted to low-income women and fullterm deliveries. In the presence of marginal food insecurity, women who struggle with weight and dieting issues may be at risk for excessive weight gain.
INTRODUCTION
Household food insecurity is a social ill and public health concern that affects the most vulnerable of our population-households with low-income, people of color and single female headed households with children. Household food insecurity, defined as "whenever the availability of nutritionally adequate and safe food, or the ability to acquire acceptable foods in socially acceptable ways, is limited or uncertain" (Anderson, 1990) , is simultaneously an economic indicator measuring household resource constraints, a nutritional indicator measuring access to food, and a psychological stressor.
Consistent findings across a number of studies show that members of households suffering from food insecurity are more likely to incur compromised psychosocial functioning (Kleinman et al., 1998; Olson, 1999; Vozoris & Tarasuk, 2003) , worse mental health Gundersen, Weinreb, Wehler, & Hosmer, 2003; Laraia, Siega-Riz, Gundersen, & Dole, 2006; Stuff et al., 2004) , and depression (Che & Chen, 2001; Vozoris & Tarasuk, 2003) . Food insecurity has been associated with disordered eating patterns as measured by the Stanford Eating Disorder Questionnaire used to measure the extent of binge eating, which was hypothesized to predispose women to obesity (Kendall, Olson, & Frongillo, 1996) . This may be spurred on by both a desire for energy dense, high fat, refined carbohydrate foods and because food availability may be cyclical-more available closer to the beginning of the month and scarce toward the end of the month. Several studies have shown that families exposed to food insecurity experience this cyclic nature of food availability (Hamelin, Beaudry, & Habicht, 2002; Seligman, Jacobs, Lopez, Tschann, & Fernandez, 2012; Taren, Clark, Chernesky, & Quirk, 1990 ) and this exposure is hypothesized to disrupt metabolism. Taren et al. (1990) showed that in low-income households, the number of servings per week decreased in the last week of the month, especially in families with young children. Kendall et al., (1996) found that women from food insecure households consumed significantly less fruits and vegetables but not high carbohydrate foods such as fruit juice or potatoes. Additionally, dairy, meat, grains, fruits and vegetables were all significantly less available in participants' homes. Seligman et al. (2012) showed that food ran out at the end of the month and hypoglycemia among adults with diabetes increased at the same time. When food is scarce, low-income families depend on inexpensive and calorically dense foods of low nutritional value that are associated with weight gain (Drewnowski & Specter, 2004) . The combination of stress, poor eating behaviors and overeating energy dense, highly palatable foods is hypothesized to lead to weight gain over time.
Household food insecurity has been associated with higher BMI (Olson, 1999) and a greater risk of overweight (Townsend, Peerson, Love, Achterberg, & Murphy, 2001 ) and obesity (Adams, Grummer-Strawn, & Chavez, 2003) among women in cross-sectional studies. Household food insecurity has been inconsistently associated with weight gain. Among nonpregnant women, Wilde and Peterman (2006) found that a higher proportion of women from food insecure households gained more than 10 pounds over a 12 month period compared to women from food secure households. However, Jones and Frongillo (2007) found no association between food insecurity and subsequent weight gain among women (Jones & Frongillo, 2007) . We previously found that on average, pregnant women from food insecure households gained almost two kilograms more during pregnancy and had a higher ratio of observed to recommended weight gain compared to pregnant women from food secure homes (Laraia, Siega-Riz, & Gundersen, 2010) . Given that the insufficient food serves as a potent psychological stressor, and any level of household food insecurity, either marginal food security or food insecurity, is associated strongly with psychological perceived stress (Laraia et al., 2006) , we label any exposure to concern about enough food as marginal food insecurity to emphasize its role as a stressor.
Dietary restraint, defined as the extent to which a person thinks about their diet and weight and tries to restrict dietary intake, and measured by the revised restraint scale, a scale that tends to predict unsuccessful dieting (Conway, Reddy, & Davies, 1999) has been associated with higher gestational weight gain and a higher observed to recommended weight gain ratio during pregnancy (Mumford, Siega-Riz, Herring, & Evenson, 2008) . Dietary restraint, like food insecurity, has been linked to bouts of restrictive eating followed by overeating during pregnancy, particularly in response to stress (Conway et al., 1999) . The combination of high restraint and high perceived stress may both stimulate the reward center and lead to excessive intake of comfort food-e.g., non-nutritive calorically dense foods (Adam & Epel, 2007) . During pregnancy, stress has been found to be associated with poor dietary intake; pregnant women who were more fatigued, stressed and anxious were found to have higher caloric and lower micronutrient intake during pregnancy (Hurley, Caulfield, Sacco, Costigan, & Dipietro, 2005) .
Based on the findings that both the stress of food insecurity and restrained eating are linked to dysregulated eating, that they are both associated with higher gestational weight gain, and that dietary restraint and food insecurity may work together to promote reward-based overeating, we were interested in testing whether there may be additive effects of being food insecure and exhibiting a high level of dietary restraint on gestational weight gain. Specifically we hypothesized that women who are exposed to any level of household food insecurity and score high on restrained eating would have the greatest gestational weight gain, independent of prepregnancy body mass index.
MATERIALS AND METHODS

Study Sample
This study used data from the Pregnancy, Infection, and Nutrition (PIN3) cohort, a prospective study that examined the influence of several socio-behavioral and medical factors on the risk of preterm birth. A total of 2,006 pregnant women were recruited from January 1, 2001 to June 30, 2005 though the University of North Carolina Hospitals residents and private physician obstetrics clinics before 20 weeks' gestation. Women who were younger than age 16, non-English-speaking, not planning to continue care or deliver at the study site, or carrying multiple gestations, were not eligible to participate. Protocols for data collection in this cohort have been previously reported (Mumford et al., 2008) but briefly, information on pre-and perinatal factors including sociodemographic characteristics and medical history were assessed by interviews, self-administered questionnaires, and information from medical records. Medical charts were abstracted for all women in the cohort to collect data on reproductive history, weight gain, pregnancy complications, and labor and delivery events. The procedures followed for this study were in accordance with the ethical standards of the Institutional Review Board of the University of North Carolina School of Medicine.
Of the 2,006 women recruited, 1,773 had information on pregravid height, weight, and weight gain. Women were excluded from these analyses if they had a stillbirth (n=13), incomplete information on household food security (n=213), or lacked information on the Revised Restraint Scale (RRS). The RRS was added to the study four months after recruitment began, therefore, those recruited prior to April 24, 2001 did not have information on the restrained eating scale (n=506). This resulted in an analysis sample of 1,041 women. Pregnant women excluded for any reason had a lower mean age (26.8 vs. 29.2 years), mean education (13.6 vs. 15.6 years), mean income (252% vs. 408% of the federal income/poverty ratio), respectively, and a higher proportion were black (20% black vs. 7% white).
Marginal Food Insecurity
To calculate the official food insecurity rates in the U.S., a series of 18 questions were posed in the Core Food Security Module (CFSM) for families with children (Bickel, Nord, Price, Hamilton, & Cook, 2000) . Each question was designed to capture some aspect of food insecurity and, for some questions, the frequency with which it manifests itself. Questions were asked about the household's experience over the past 12 months. Examples included, "I worried whether our food would run out before we got money to buy more," (the least severe question); "Did you or the other adults in your household ever cut the size of your meals or skip meals because there wasn't enough money for food;" "Were you ever hungry but did not eat because you couldn't afford enough food;" and "Did a child in the household ever not eat for a full day because you couldn't afford enough food" (the most severe question). We first created a categorical variable indicating a household as (a) food secure if the respondent responded "no" to all of the questions, and (b) marginally secure if one or two questions were answered in the affirmative, and (c) food insecure if three or more questions were answered in the affirmative (Bickel et al., 2000) . We tested if socioeconomic (SES) characteristics-age, race, education, income and marital status-and weight outcomes differed among these groups. Socioeconomic characteristics and weight related outcomes did not differ between women from marginally food secure and food insecure households. SES characteristics, BMI and observe-to-recommended weight gain were significantly different from women from food secure households. Therefore, we collapsed the marginally food secure and food insecure categories and created a dichotomous indicator variable called marginal food insecurity if the respondent responded affirmatively to one or more questions (Ziliak & Gundersen, 2009; Laraia et al., 2006) .
Dietary Restraint
Restrained eating measured history of dieting and weight fluctuations using the Revised Restraint Scale (RRS) (Herman & Mack, 1975; Herman, 1980) . The RRS is a 10-item scale with four to five possible responses which measures history of dieting and concern about eating too much food. It has been strongly linked to dysregulated eating patterns (Herman & Mack, 1975; Herman, 1980 ). An overall score for Restrained Eating was calculated by summing across all items. The items assess frequency of dieting, eating behaviors, emotional eating, awareness of food choices, and amount of time spent concerned about food, weight fluctuations and ideal weight. We used the modified RRS scale by Conway and colleagues (Conway et al., 1999) which focused on the period prior to pregnancy, so as not to include weight and appetite changes during pregnancy. The overall Cronbach's alpha for the 10 items was 0.77. Score for two subscales (Ruderman, 1983 )-dieters and weight cyclers-were also created as we sought to understand if one of the subscales may have a stronger association with marginal food insecurity and weight gain, or if together they influence weight gain. The dieting subscale used six questions about frequency of dieting, lifestyle changes after a weight fluctuation of 5 lbs, public and private eating behaviors, feelings of guilt after overeating, consciousness of food choices, and amount of time spent concerned about food. The Cronbach's alpha was 0.74. The weight cycler subscale was calculated using four questions that pertained to typical weight fluctuation in the nonpregnancy state, maximum weight ever lost within one month, maximum weight gained within one week, number of pounds over desired weight at maximum weight. The Cronbach's alpha was 0.54. As there are no established cutpoints for the RRS, we previously used sample medians for analysis with this sample (Mumford et al., 2008) consistent with the original research by Conway et al. (1999) . Restrained eating was dichotomized at the median (median = 11) to identify high vs. low restraint groups.
Heath outcomes
At the second telephone interview conducted between 26 to 31 weeks' gestation, information on health behaviors, household food security status and food coping behaviors and previous as well as current medical history was solicited. Self-reported pre-pregnancy weight and measured height at the first prenatal visit, checked for biological plausibility, and were used to construct pregravid body mass index (BMI) kg/m2. The validity of selfreported weight by pregnant women has been examined previously and has been shown to be good if collected early in pregnancy and examined for biologically implausible values (Stevens-Simon, Roghmann, & McAnarney, 1992; Yu & Nagey, 1992) . For 4% (n=42) of the analysis sample, an imputed weight was used in lieu of the self-reported measure only when it was missing or considered biologically implausible. This imputed weight was calculated using the measured weight at the first prenatal visit (if taken prior to 16 weeks) minus the recommended amount of weight to be gained in the first and second trimesters as defined by the Institute of Medicine (Rasmussen & Yaktine, 2009) . If the first weight measurement was after 15 weeks of gestation, a pre-pregnancy weight could not be imputed. This methodology has been previously used with our group on other analyses (Siega-Riz, Adair, & Hobel, 1994 , 1996 .
Gestational weight gain was calculated as the difference between each woman's pregravid weight and her weight measured at the last prenatal visit near the time of delivery. The average week gestation at the time of the last visit and weight measure was 38.1 (sd=2.4); 93.6% had their last weight within two weeks of delivery. All but three women had their last visit during the third trimester, two of which delivered preterm. In this analysis gestational weight gain was represented in three ways. First, weight gain was expressed as a continuous variable measured in kilograms. Second, an observed to recommended gestational weight gain ratio was calculated according to pregravid BMI status, and was a ratio of observed total weight gain over expected weight gain up until the last prenatal visit using the weight gain recommendations from the 2009 IOM report as previously described (Deierlein, SiegaRiz, & Herring, 2008; Mumford et al., 2008; Rasmussen & Yaktine, 2009 ). Third, a categorical variable classifying women in to inadequate, adequate and excessive was created using previously established cut points (Deierlein et al., 2008; Mumford et al., 2008) . For example, it is recommended that an overweight woman gain between 7.0 and 11.5 kg, which correspond to a ratio of 80% to 120% if the pregnancy is carried to term (40 wk). Therefore, a weight gain ratio >1.20 would be defined as gaining above the IOM recommendation (excessive) and those who have a ratio <0.80 would be defined as gaining below the IOM recommendation (inadequate) (Rasmussen & Yaktine, 2009 ).
Statistical Methods
First, t-tests were conducted to examine the association between marginal food insecurity status and each of the candidate predictor variables for the continuous variables of income, age, number of children, physical activity (METS), dietary restraint, pregravid BMI, gestational weight gain, and observed to recommended weight gain ratio. Chi squared tests were conducted to examine the association between marginal food insecurity and dichotomous and categorical covariates of education, maternal race, marital status, and smoking status and with dietary restraint. Additive interaction between marginal food insecurity and high dietary restraint was tested using likelihood ratio test comparing an unrestricted model with the two main effects (marginal food insecurity and high dietary restraint) and the interaction term to the restricted model (without the interaction term) for the continuous outcomes. A Chi squared with a p value ≤ 0.15 indicated the unrestricted model as a better fit suggesting the interaction term contributed to the model (Selvin, 1996) . Significant interactions were found, therefore linear regression models stratified by low and high dietary restraint were used to estimate the association of marginal food insecurity on total gestational weight gain and weight gain ratio. A multinomial logistic regression was used to estimate the association between the two main effects and the interaction term and the three categories of weight gain: adequate, inadequate and excessive. To assess an interaction for the categorical outcome weight gain adequacy, especially since the excessive weight gain category is a prevalent outcome (>60%), we estimated the relative excess risk due to the interaction (RERI) using a linear combination following Richardson & Kaufman (Richardson & Kaufman, 2009 ). To assess stability of the estimates, sensitivity analysis was conducted in three ways. First, from the 1,041 pregnant women who had completed the study and had complete information on weight gain, household food security status and dietary restraint, we limited the analysis to pregnant women from households with incomes at or below 400% of the federal income/poverty ratio (n=477). The household income restriction allowed better comparison among households that might be food insecure due to financial and material constraints and purposefully excluded any households with higher incomes. Second, we tested for these interactions and the association excluding women who delivered preterm births (n=127, 12.2%). Third, we also tested the interactions and estimated the associations for each of the dietary restraint sub-scales-dieting and cycling to identify if one dimension of the Revised Restraint Scale was driving the interaction with food insecurity and gestational weight gain. We estimated the linear combination of the main effects and the interaction term to interpret the interaction of marginal food insecurity and high dietary restraint, dieting and cycling.
Potential confounders included age (continuous), education (continuous), race (indicator for black as compared to white and other), income/poverty ratio (continuous), marital status (not married compared to married), number of children (continuous), any smoking during the first 6 months of pregnancy (dichotomous) and total metabolic equivalents hours per week of any physical activity (continuous) (Ainsworth et al., 2000; Ainsworth, Leon, Richardson, Jacobs, & Paffenbarger, 1993 ). We did not control for dietary intake because this is a possible mediator between the exposures of food insecurity and dietary restraint and gestational weight gain. Pregravid BMI (continuous) and week gestation at the last weight measurement (continuous) were also retained as covariates. Stata software was used for data management and statistical calculations (StataCorp, 2007) .
RESULTS
In this sample, 62.3% of pregnant women gained in excess of the IOM recommendations, while 12.6% gain inadequate weight and 25.1% gained adequate weight. Of the 1,041 pregnant women in this analysis, 128 (12.3%) met the criteria for marginal food insecurity. Marginal food insecurity and dietary restraint were not significantly associated ( 2 =2.54, p<0.11).
Comparison of group means using a t-test showed that women exposed to marginal food insecurity and who scored high on dietary restraint had significantly higher gestational weight gain (kg) and a higher observed to recommended weight gain ratio (See Table 1 ). A significant interaction was found between marginal food insecurity and scoring high on dietary restraint with regards to gestational weight gain (Likelihood Ratio (LR) 2 = 6.69, P ≤ 0.005) and weight gain ratio (LR 2 = 7.92, P ≤ 0.005).
In adjusted models stratified by dietary restrain, women reporting low dietary restraint scores but who experienced marginal food insecurity had significantly lower total kilograms weight gain and a lower observed-to-recommended weight gain ratio compared to women reporting low dietary restraint score from food secure households, after adjusting for age, race, education, income, marital status, number of children, pregravid BMI, smoking, first trimester physical activity and gestational age at the last weight measure, (See Table 2 ).
Significantly higher total kilograms of weight gain and a higher observed-to-recommended weight gain ratio were found among women reporting high dietary restraint scores and marginal food insecurity compared to women reporting higher dietary restraint score from food secure households. The results were remarkably similar in magnitude of association when the sample was restricted to income ≤ 400% income/poverty ratio, and restricted to only full-term deliveries, although the association between marginal food insecurity and observed-to-recommended weight gain ratio among women reporting low dietary restraint was no longer significant (See Table 2 ). The findings from the sensitivity analysis using the restricted samples suggest that the associations between marginal food insecurity stratified by dietary restraint and weight gain outcomes are stable estimates.
For the categorical weight gain outcome, the coefficient for the relative excess risk due to interaction (RERI) was 1.95 (95% CI: 0.19, 3.71), which was a significant increase beyond the additive association of marginal food insecurity and high dietary restraint. The RERI was similar when we excluded preterm birth [1.78, 95% CI: 0.12, 3.44], but was less precise in the sensitivity analysis that was restricted to women with ≤400% income/poverty ratio [2.65, 95% CI: −0.40, 5.70, p≤0.09]. We found no RERI with regard to inadequate weight gain. Table 3 shows the results for the linear combination of marginal food insecurity, dietary restraint and the interaction for the full and restricted cohort (≤400% income/poverty ratio), as well as for each sub-scale. The results do not change for the restricted cohort. The estimates for linear combination of the interaction between marginal food insecurity and dietary restraint sub-scales were significant and had a similar magnitude of association as the full scale, suggesting that neither of the sub-scales is contributing more than the other to the association with increased weight gain.
DISCUSSION
Weight gain during pregnancy is often not within the targeted range, particularly in low income populations. In this sample of pregnant women only 25.5% gained adequate weight, while 62% gained excessive weight and another 12.5% gained inadequate weight according to the 2009 Institute of Medicine guidelines. We found that 12.3% of pregnant women were exposed to marginal food insecurity, a known predictor of weight gain during pregnancy. During the current economic downturn, household food insecurity increased from 12% in 2007 to 14. 7% in 2008 and remained at 15% in 2009 Nord, Coleman-Jensen, Andrew, & Carlson, 2010) . Furthermore, these prevalence rates do not account for the number of people who are marginally food secure, and are worried about being able to feed their family or that food will run out.
We hypothesized that the combination of marginal food insecurity and high dietary restraint would lead to greater weight gain during pregnancy. Indeed, beginning pregnancy with exposure to marginal food insecurity as well as scoring high on restrained eating was associated with greater weight gain during pregnancy, both in total kilograms (4.7 kg) and as evidenced by a higher observed to recommended weight gain ratio. The findings for the interactive association between marginal food insecurity and restrained eating are almost twice those for food insecurity alone that we previously identified (Laraia et al., 2010) . In fact, marginal food insecurity in the absence of high dietary restraint was significantly associated with lower kilograms of total weight gain and a lower observed-to-recommended weight gain ratio. For the categorical outcome of excessive or inadequate compared to adequate weight gain, we found a significant relative risk due to interaction for excessive weight gain but not for inadequate weight gain. The findings suggest that exposure to both marginal food insecurity and high dietary restraint has a synergistic relationship with regard to gaining outside of the IOM guidelines. Marginal food insecurity and dietary restraint may overlap to a certain extent, and it may be that past findings on food insecurity are due in large part to the combination of food insecurity and high dietary restraint. Similarly, findings for dietary restraint might be clarified by also looking at food insecurity. Conway et al. (1999) , when just looking at dietary restraint, found it led to both gaining too much as well as gaining too little (Conway et al., 1999) . It may be that in combination with food insecurity, this tips the balance toward gaining too much weight as the most frequent outcome.
It is unclear how the combination of marginal food insecurity and dietary restraint has effects on weight. Food insecurity alone has effects on eating behavior. Exposure to household food insecurity is hypothesized to cause weight gain because of financial resource constraints whereby a household becomes dependent on high calorie dense foods during periods of the month when resources are available, then restrict intake when resources fall short to meet household food needs (Dietz, 1995; Drewnowski & Specter, 2004; Olson, 1999) . When households can afford foods, they may choose high-energy dense foods not only because they are inexpensive, but also because they are highly palatable and more satiating. This pattern of eating high calorie dense foods at the beginning of the month followed by forced food restriction because of a lack of financial resources at the end of the month may mimic the yo-yo type diet, dieting followed by overeating, that could lead to weight gain. Once unwanted weight is gained, the potential for a cycle to diet and then food restrict starts. Women in this study who were from households characterized as marginally food insecure and who scored high on dietary restraint were of significantly lower income and education, and they also began with higher BMI levels. In combination with high levels of restraint, exposure to food insecurity may have led to greater psychological insecurity, feeling out of control, and more frequent or severe bouts of dysregulated eating. Fairburn & Welch (1990) reported high levels of overeating and feeling out of control in pregnant women that was associated with excessive weight gain, especially among previous dieters, even without food insecurity (Fairburn & Welch, 1990 ).
We must note that restraint is a complex construct, and our findings may not apply to all measures of restraint. The Revised Restraint Scale (RRS), used here, appears to be a proxy measure for the "unhealthy restraint", an all or nothing approach to eating (Westenhoefer, 1991) , or emotional eating, preoccupation with food, and unrealistic expectations and strategies to restrict foods that are followed by overeating, which are associated with unsuccessful dieting and weight gain (Conway et al., 1999; Stice, Cameron, Killen, Hayward, & Taylor, 1999; Stice, Hayward, Cameron, Killen, & Taylor, 2000; Stice, Presnell, Shaw, & Rohde, 2005) . People who score high on self reported dietary restraint (when not part of a formal dieting program), particularly when measured by the Revised Restraint Scale (RRS), tend to gain weight over time (Stice et al., 1999; Stice et al., 2000; Stice et al., 2005) . Future studies should distinguish between unhealthy restraint and more effective restraint strategies. Westenhoefer et al. (Westenhoefer, Broeckmann, Munch, & Pudel, 1994) termed a more effect strategy as "flexible control" which includes allowance of limited sweets and planned compensation of increased food intake without feelings of guilt, and showed that flexible control was associated with reduced food intake following a preload of food, whereas participants with rigid restraint and disinhibition ate more.
Women from households characterized by marginal food insecurity and who have struggled with their weight will most likely continue to struggle with weight gain during pregnancy and gain more weight than their food secure counterparts. In addition to current weight status, self reports of dietary restraint and/or emotional eating may be the best predictors of weight gain during stressful events, which may include pregnancy. For example, people who identify as emotional eaters are more likely to gain weight in response to a naturalistic stressor or lab stressor (Epel et al., 2004; Van Strien, Frijters, Bergers, & Defares, 1986) , and to regain weight after a diet or surgical weight loss intervention (Larsen et al., 2006; Wing & Phelan, 2005) .
There are several limitations to the current study. For example, women who were excluded from this analysis because of missing data on pregravid height and weight, gestational weight gain, birth outcomes, household food security status or lacked information on the revised restraint scale had a lower mean age, mean education, mean income and a higher proportion were black. Therefore, the exclusion of these women may have biased the findings, possibly underestimating or overestimating the potential risk. The analysis of the association between self-reported dietary restraint and marginal food insecurity status for this study is cross-sectional and the observational nature of this study does not allow for causal relationships to be made, however, the temporal nature of gestational weight gain coming after the reporting of marginal food insecurity and dietary restraint suggests that these exposures may be antecedents for gestational weight gain. Further studies will need to be conducted on a representative sample of women from various ethnic backgrounds to confirm these findings. Furthermore, we hypothesized that the exposure of prior dietary restraint eating behavior and marginal household food insecurity happening before and during pregnancy would interfere with a woman's ability to meet the optimal gestational weight gain recommendation; however, we were not able to measure dietary restraint during pregnancy or estimate the total calories eaten on an average day. These additional measures would strengthen the findings by providing an indication of whether the interaction between marginal food insecurity and dietary restraint indeed led to a higher caloric intake. And finally, self-reported weight was used to calculate pregravid BMI. There are several studies that suggest self-report correlates well with actual weight, and all weights in this study were checked for biologic plausibility of the self-reported weight with the first prenatal visit measured weight if it occurred before 15 weeks and corrected it if deemed implausible. However, self-reported weight is problematic since the adequacy of gestational weight gain outcome variables were based on pregravid BMI. For example, a weight gain of 30 pounds would be adequate for a normal weight woman (weight gain recommendation is between 25-35 pounds) but would excessive for an overweight woman (weight gain recommendation is between 15-25 pounds). If an overweight woman underreported her pregravid weight to the extent that she was classified as being within the normal pregravid BMI category, the 30 pound weight gain would be classified as adequate biasing the findings to the null hypothesis of no association with marginal food insecurity status.
These findings underscore the importance of the emerging field examining the extent to which household food insecurity plays a large role in weight gain. Individual-level dietary restraint is clearly important, especially in the context of household food insecurity. Future studies should measure successful dietary restraint behaviors, those that prevent weight gain, in addition to "unhealthy" restraint behavior, as measured here.
Highlights
• Food insecurity was previously associated with high gestational weight gain
• Dietary restraint is a measure of past failed dieting and weight fluctuation
• A significant interaction between marginal food insecurity and dietary restraint was found
• Pregnant women with marginal food insecurity and high dietary restraint gained more weight
• Pregnant women with marginal food insecurity and low dietary restraint gained less weight Table 1 Descriptive characteristics of women in the Pregnancy, Infection, and Nutrition Study by exposure category Association between marginal food insecurity and pregnancy weight gain outcomes stratified by low/high dietary restraint among women participating in the Pregnancy, Infection and Nutrition Study. 
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